The overall body plan of C. elegans is bilaterally symmetrical, with left-right asymmetries involving the nervous system, gonad, and gut. Asymmetry is first evident at the six-cell stage of embryogenesis, due to the reorientation of a mitotic spindle. This allows subsequent cell interactions that are largely mediated by the Notch signaling pathway, resulting in left and right sides that are different. Other molecular pathways are used at later stages. For example, the postembryonic QR and QL neuroblasts are asymmetric in their sensitivity to Wnt signals, and the ASEL and ASER sensory neurons transform early Notch signals into the asymmetric function of miRNAs and transcription factors (Ch'ng et al., 2003; Poole and Hobert, 2006) .
The central nervous system of C. elegans contains two bilaterally symmetrical olfactory neurons (AWC). During late embryogenesis, only one of these neurons will express the str-2 gene, which encodes a putative G protein-coupled olfactory receptor (Hobert et al., 2002) . The determination of which neuron is going to express str-2 (AWC ON ) is stochastic, and the remaining neuron has the AWC OFF phenotype. Chuang et al. (2007) screened for worm mutants lacking str-2 expression in either AWC neuron (isomerism) and identified nsy-5, a gene encoding a member of the innexin/pannexin gapjunction family of proteins. Gap-junction channels permit direct passage of small-molecule signals between the cytoplasmic spaces of adjacent cells. Functional characterization of the phenotype revealed that nsy-5 mutants were unable to sense odorants normally processed by AWC ON neurons and that reduction of nsy-5 function resulted in both neurons having an AWC OFF phenotype. Elegant genetic experiments showed that nsy-5 acts upstream of the calcium-signaling pathway. They also showed that the activity of nsy-5 is independent of axon guidance signaling and that the claudin/calcium channel γ subunit nsy-4 acts in parallel with nsy-5. They then used a transgene expressing green fluorescent protein under the control of the nsy-5 promoter and showed that nsy-5 is expressed in the central nervous system (specifically in the sensory neurons and interneurons of the head and tail) and that expression varies during development. The dynamic variation of nsy-5 expression is very interesting, and investigation of nsy-5 expression fluctuations will facilitate understanding of the transcriptional control of gap junctional communication during development.
Using a Xenopus oocyte assay, Chuang et al. (2007) naling that is dependent on nsy-5 to determine asymmetric expression of the str-2 gene. The data reveal some striking similarities between how gap junctions are used in invertebrates and their functions in vertebrate development (Levin, 2002) . In chick and frog embryos, the left and right sides of the embryos communicate with each other to correctly assign left-right identity before the onset of asymmetric gene expression. In both Xenopus and C. elegans, increases and decreases in gapjunctional communication can lead to defects in left-right asymmetry. The native pattern of communication mediated by gap junctions in both vertebrates and nematodes is between the left and right sides and involves a zone of junctional isolation (in this case, provided by an extracellular matrix layer). Moreover, the experiments by Chuang et al. (2007) reveal an asymmetry in how the left and right AWCs respond to nsy-5 expression, mirroring the difference in gapjunction permeability that has been described on the left and right sides of the early frog embryo (Guthrie et al., 1988) . Crucially, the discovery of this intrinsic bias in C. elegans shows that, as in frog and chick, the communication via gap junctions does not initiate left-right information but functions as an intermediate step of the pathway. As in mice, zebrafish, and chicks, Ca 2+ signaling is also now implicated in C. elegans.
There are also differences between C. elegans and vertebrates in their use of gap junctions. In worms, gap junctions appear to facilitate a randomly oriented asymmetry from a biased state. This suggests a stochastic feedback model similar to that characterizing Notch signaling. This contrasts with findings in vertebrates, which feature asymmetry that must become oriented with time. It remains a puzzle why the worm needs an extra mechanism to randomize asymmetry in these neuronal cells, given that they already have an established and consistent asymmetry. The unique features of worm asymmetry also highlight the differences between asymmetries of the nervous system versus those of the heart and viscera. Although molecular mechanisms of neuroanatomical and behavioral asymmetry are beginning to be identified (Sun and Walsh, 2006) , these have only begun to be integrated with the earlier steps that create laterality (McManus, 2005) . Indeed, it has been argued that asymmetries of the brain and body may be set by distinct mechanisms. For instance, human patients with full situs inversus or primary ciliary dyskinesia exhibit organ reversal but have normal handedness and hemisphere language specialization.
Some exciting questions remain to be addressed. Can the gain-of-function phenotype of nsy-5 (or rescue of the loss of function) be obtained with a vertebrate connexin instead? Is NSY-5's native role in worm asymmetry through direct transfer of small molecules from one cell to its neighbor, or might there be noncanonical functions of gap-junction proteins, as observed in cancer biology (Jiang and Gu, 2005) ? Future efforts may also identify a small-molecule signal There are many mechanisms for establishing the left-right axis in vertebrates and invertebrates (Levin, 2006) . Each of the organisms has at least one molecular component in common with one or more of the others, but none are known to overlap completely. This relationship is depicted by colored ovals encompassing the species that are known to use each mechanism (ciliary motion, H + /K + ion flow, molecular motors, cytoskeleton, and serotonin/auxin signaling). C. elegans uses several unique mechanisms for establishing left-right asymmetry. However, with the discovery that worm left-right asymmetry requires communication via gap junctions, Ca 2+ signaling, and tight junctions, such mechanisms can now be clearly linked to those establishing laterality in chick and frog (Chuang et al., 2007) . For clarity, this figure omits Ca 2+ signaling in establishing asymmetry in mouse and zebrafish. that traverses these gap junctions during instructive left-right patterning. Based on existing data, strong candidates include electrical currents, Ca 2+ , and serotonin (which is thought to be the morphogen that moves through gap junctions during establishment of frog asymmetry; Levin, 2006) . The relationship of this pathway to other known components that establish C. elegans asymmetry (such as Notch signaling and the ASE system) also remains to be worked out. Most crucially, are other innexins involved? With the discovery that even a species in which cell lineages are highly determined uses gap junctions as part of its repertoire for generating left-right asymmetry, it is clear that additional surprises await us in the exploration of physiological intercellular signals in the establishment of laterality.
